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11 Abstract: Anatoxin-a (1) has been synthesized by exploiting intra-12 molecular cyclization between an iminium salt and a nucleophilic 13 carbon to construct the 9-azabicyclo[4.2.l]nonane ring system. 14 Cyclization of malonate iminium salt 16 at alkaline pH afforded 15 a low yi~ld of bicyclic malonate 18 due to an unfavorable 16 equilibrium constant and lability of the iminium salt in base. 17 In contrast, cyclization ofketo-iminium salt 31 afforded a good 18 yield of bicyclic ketone 34 in acidic methanol. Dihydropyrrolium 19 salts 16 and 31 were generated quantitatively by decarbonylation 20 of substituted N-methylprolines 15 and ~Qb, obtained by reduction 2 1 of the corresponding pyrroles. (1),1 the structure of which was determined by X-ray crystallography 2 3 and spectroscopy. ' Fatal poisoning of various animals has b~en 6 caused by ingestion of water from eutrophic ponds containing high concentrations of this alga. 7 [Structure] 1 More recently, a partial syntheses of anatoxin-a via ring expansion from cocaine was reported. 5
We .chose· to examine· a direct and potentially broader approach to anatoxin-a i·nvolving closure of theeight-mernbered c~rbon ring (seven-membered, counting through nitrogen) into an appropriately substituted pyrrolidine. [ Scheme II] reaction were examined in detail. 
Results and Discussion
Prior to examining intramolecular cyclization of iminium salts for the synthesis of anatoxin-a, we attempted to extend the scope of the Dieckmann cyclization, successfully utilized in the synthesis of tropinone-2-carboxylate,6,7 to the preparation of 22 acylation with methyl ~,~-diethylglutaramate. After some experimentation, a respectable 47% yield was attained by refluxing 31 in acidic methanol for 14 hours.
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In contrast, the same conditions afforded bicyclic malonate 18 in 2% yield. In conclusion, intramolecular cyclization of an iminium salt has been successfully utilized as the key step in the synthesis of anatoxin-a, and the re.action conditions and structural parameters favoring this cyc1ization were determined. The success of the present method suggests the general utility of this approach for the synthesis of variously bridged alkaloids. . ' 
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The crude product was dissolved in methanol (1 L) and hydrogenated 1 3 (50 psi, 6 h) over 10% Pd/C (9 g). Removal of catalyst and in methanol over 10% Pd/C (1 g in 100 mL) for 2 h at 50 psi. was dissolved in 500 mL acetone and 100 mL water was added, followed 12 -by 1.00M NaOH (220 mL, 220 romol, 110 mol %) over 20 min. The reaction' 1 3 may be followed by observing disappearance of 13 at 322 nm. After 14 addition, UV indicated .96% consumption of 13.
• r _ _ ,After 10 more _min, 1 5 the acetone and some of the water was evaporated, and the aqueous 16 solution extracted with ether. The product precipitated when 1M 1 7 HCl was slm'lly added to pH 3. After collection by fil tra tion 1 8 and drying, product (52 g, 88% yield) was obtained of mp 124-127°. 19 Recrystallization from ethyl acetate gave pure pyrrole acid 14: pure acid 25 as a light yellow solid, mp 58-61°,17.9 g (100% yield).
-- 6-(1-Methyl-2-pyrrolyl)-2-hexanone (~~). The carboxylic acid (25, 17.9 g, 99 mmol) was converted to its lithium salt with lithium hydroxide monohydrate (4.22 g, 101rnrnol, 102 mol %) in 40 mL hot water; 10 min after homogeneity was achieved, the water was evaporated and the product further dried in a vacuum.dessicator for 24 hr, yielding the lithium salt of 25 (17.9 g, 97% yield).
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The lithium salt and triphenylmethane (18 mg) were suspended in 180 mL THF and methyl lithium (49 ml of 2.lM, 103 rnrnol, 104 mol %) was added over 0.5 hr until all the starting material dissolved and a persistent orange-red color appeared. After stirring 9 hr, the reaction mix was cooled to 0° and added to a stirred mixture of HCl (15 ml of 12M, 180 rnrnol, 180 mol %), water and ice (200 ml).
The layers were separated, and the aqueous layer, after basification, was extracted 3 x with ether. The combined organic layers \'lere dried, the solvent evaporated, and the crude product (15.7 g, 87%)
was kugelrohr distilled (105°/1. 6-(5-Methoxycarbonyl,-1-methyl-2"';pyrrolyl) '-2-hexanone (28). ether (100 ml) and water (50 ml) were added. The organic layer was washed with saturated NaCl, dried and the ether evaporated to the solvent was evaporated, water was added, the pH was adjusted to 27 ' .
• 23 1 1.5-2.0, and the aqueous solution was extracted 2 x with ether. 2 The aqueous phase was then adjusted to pH 9.8 with saturated 3 ,Na 2 C0 3 and extracted 4 x with CH 2 C1 2 . After drying and evaporation of the solvent, the crude product (7.5'g) was kugelrohr distilled .. 9. pulver:ized afford'ing lithium salt 2lb. This was suspended in DME 10 (0.5 ml) and treated with CH3Li using the procedure employed to 
